Abstract: New 2-benzyl-1,10-phenanthrolines, substituted at the 2¢ position by electron-withdrawing groups, were synthesized through nucleophilic substitution involving 2-chloro-1,10-phenanthroline and substituted benzyllithiums, respectively. The expected reversible photoinduced proton transfer reaction of such compounds were studied.
The design and the development of molecular systems for which a given physical property may be controlled or modified by external stimulation is presently a major focus of research in organic chemistry, due to their potential application in electro-optic devices. Photoinduced proton transfer (PIPT) reactions occurring in 2-(2¢,4¢-dinitrobenzyl)pyridine (a-DNBP) and in some of its derivatives can be used to achieve this goal. 1 In principle, the process can be repeated many times, but the photodegradation of the system 2 constitutes the main limitation on the applicability of these systems for optoelectronics, molecular switches or optical data storage. In order to prevent the photodegradation observed in the onitrated series, we have investigated the synthesis of benzyl heterocycles substituted at the 2¢ position either by a sulfoxide or sulfone group. We have reported that 2-(2¢,4¢-diphenylsulfonylbenzyl)pyridine underwent a reversible photoinduced proton transfer reaction both in the crystalline phase as well as in ethanolic solution at ambient temperature (Scheme 1). 3 
Scheme 1
In this context, we report here the preparation of novel 2-benzyl-1,10-phenanthrolines 5-7 substituted by sulfoxide or sulfone groups (Figure 1 ).
Figure 1
Only PIPT systems containing a nitro group at the 2¢ position have been studied so far.
1c-f We expected to stabilize the phototautomer by an additional NH bond and to increase the lifetime of the colored photoproduct as has been established for the 2-(2¢,4¢-nitrobenzyl)-1,10-phenanthroline compared to the pyridine parent.
A convenient method 4 used for the synthesis of the dinitro analogue 1e,f could not be applied to the synthesis of our target compounds due to the lack of reaction of 2-ethylthiobenzylidene(tri-n-butyl)phosphorane with 2-chloro-1,10-phenanthroline.
The synthesis of 2-(2¢-ethylsulfonyl-4¢-nitrobenzyl)-1,10-phenanthroline was then attempted in ten steps from commercial 1,10-phenanthroline as illustrated in Scheme 2. This compound was converted to 2-cyano-1,10-phenanthroline according to known methods. 5 The reaction of this compound with 2-chlorophenylmagnesium bromide failed due to its poor solubility in usual solvents (THF, Et 2 O, benzene). Then, it was first transformed into the corresponding acid chloride, 6 which was treated by diethylamine in the presence of triethylamine to give the amide derivative 1. 7 Treatment of 1 with two equivalents of Grignard reagent, followed by hydrolysis, afforded 2-(2¢-chlorobenzoyl)-1,10-phenanthroline 2. Then, nucleophilic substitution of chlorine by an ethylthio group was carried out by reaction of ethanethiol in DMF in presence of sodium carbonate. Reduction of the carbonyl group was performed using hydrazine hydrate and sodium hydroxide leading to 4 in moderate yield. The ethylthio group was oxidised by aqueous hydrogen peroxide to give the sulfoxide 5 and the sulfone 6. Then treatment of 6 with nitric acid in sulfuric acid was required to furnish the target compound 7 in an overall yield of 2%.
In order to improve the overall yield, we undertook a new retrosynthetic analysis, requiring the linkage of substituted benzyl groups to the 2 position, by using the known reactivity of 1,10-phenanthroline with alkyllithium 8 phenanthroline at positions 2 and 9. 2-Chloro-1,10-phenanthroline 10 was chosen to induce a mono nucleophilic substitution, with 2-ethylthio and 2-ethylsulfonylbenzyllithium as shown in Scheme 3.
The substituted benzyllithium derivatives were prepared starting from 2-ethylthiobenzaldehyde as follows: the aldehyde was first reduced with lithium aluminium hydride in THF. The resulting alcohol 8 was converted into the benzyl bromide analog 9 by heating under reflux a mixture of aqueous bromhydric acid and benzene. A Grignard solution of 9 was treated with a solution of tributyltin chloride to give 2-ethylthiobenzyltributyltin 10 11 in 90% yield, which could be oxidised with two equivalents of mchloroperbenzoic acid leading to 2-ethylsulfonylbenzyltributyltin 11 in good yield. The conversion of the organotin compounds 10 and 11 to their corresponding benzyllithium derivatives was accomplished by treatment with methyllithium at low temperature as described by Schlosser. 12 Finally 2-chloro-1,10-phenanthroline was submitted to react with two equivalents of benzyllithium at 50°C for 12 hours to lead to 2-(2¢-ethylthiobenzyl)-1,10-phenanthroline 4 and 2-(2¢-ethylsulfonylbenzyl)-1,10-phenanthroline 6 in 35% and 20% yield, respectively.
Different solutions of compounds 5-7 in ethanol, toluene or acetonitrile, at different temperatures (5°C to 25°C) were submitted to UV-visible continuous irradiation with a xenon lamp and to UV flash photolysis 13 . Unfortunately, we have not observed the appearance of a stable colored form.
Mps were determined on a Büchi 510 apparatus in capillary tubes and are uncorrected. The 1 H NMR and 13 C NMR spectra were recorded in deuteriochloroform on a Brücker AM 250 spectrometer iii iv (250 and 62.5 MHz, respectively) using tetramethylsilane as the internal standard. Column liquid chromatography was carried out on silica gel Merck 60 (70-230 mesh). The IR data were recorded on an Avatar 320 spectrometer and were performed in KBr pellets. The electron impact MS were obtained on a Shimadzu QP-5000 spectrometer. Microanalyses were performed by the Microanalytical Centre of the University of Aix-Marseille III.
Photoirradiation was carried out by using a xenon lamp (150 W, flux 1000 W/m 2 ) or a mercury lamp (500 W). UV flash photolysis was performed with a xenon lamp (82 J) by the Institute of Topology and Dynamics of Systems (ITODYS, Paris-Jussieu) Solvents (SDS Company, France) were used without further purification and were dried over molecular sieves if necessary.
THF was distilled under nitrogen from sodium benzophenone ketyl and used immediately. Metalations were performed under an argon atmosphere and reagents were handled with syringes through septa.
The substituted benzaldehydes, 3 2-cyano-1,10-phenanthroline, 5 and 2-chloro-1,10-phenanthroline 10 were prepared according to literature procedures.
N,N-Diethyl-1,10-phenanthroline-2-carboxylic Acid Amide (1) A mixture of 1,10-phenanthroline-2-carboxylic acid chloride 6 hydrochloride (1.87 g, 6.7 mmol), Et 3 N (5 mL) and diethylamine (4 mL) in CHCl 3 (40 mL) was refluxed for 1 h. After cooling, the solvents were evaporated in vacuo and the residue was dissolved in CH 2 Cl 2 (20 mL). The organic layer was washed with aq NaOH (4 M, 5 mL), then with H 2 O (10 mL), dried (MgSO 4 ), evaporated. The crude product was purified by column chromatography (neutral aluminium oxide eluted by CH 2 Cl 2 -Et 2 O) and recrystallized from CHCl 3 
2-(2¢-Chlorobenzoyl)-1,10-phenanthroline (2)
The filtered Grignard reagent, prepared by reaction of 1-bromo-2-chlorobenzene (3.1 g, 16.1 mmol) in andhyd Et 2 O (30 mL) with magnesium (1.17 g, 48.3 mmol), was added dropwise to a wellstirred solution of 1 (1.5 g, 5.37 mmol) in THF (20 mL) at -75°C. The mixture was allowed to warm to r.t. and was stirred for 12 h at this temperature before being quenched with dilute aq HCl (4 M, 15 mL). The solvents were evaporated and the residue was treated with a mixture of CH 2 Cl 2 (20 mL) and H 2 O (20 mL). The resulting solution was adjusted to pH 8 with K 2 CO 3 . The layers were separated and the aqueous layer extracted with CH 2 Cl 2 (2´10 mL). The combined organic layers were washed with brine (10 mL), dried (MgSO 4 ), filtered, and concentrated in vacuo. 
2-(2¢-Ethylthiobenzyl)-1,10-phenanthroline (4)
The synthesis of the title compound has been accomplished by two different methods (A and B).
Method A A solution of 3 (2.4 g, 6.9 mmol), hydrazine monohydrate (1.5 mL) and NaOH (1.46 g) in ethylene glycol (25 mL) was heated at 190°C for 5 h. After cooling, the solution was poured in H 2 O (100 mL) and the aqueous layer was extracted with CH 2 Cl 2 (2 ´ 25 mL). The extract was washed with H 2 O (10 mL), dried (MgSO 4 ), and concentrated. The crude product was purified by column chromatography (silica gel, eluted by CH 2 Cl 2 -EtOH, 5:0.1 gradient) to afford 4.
Yield: 1.4 g, 4.2 mmol (60%); oil.
Method B:
To a solution of (2-ethylthiobenzyl)tributyltin 10 (1.105 g, 2.5 mmol) in anhyd THF (10 mL) was added slowly at -100°C a precooled solution (-75°C) of methyllithium (commercial solution at 1.4 M, 1.78 mL, 2.5 mmol) in THF (25 mL). After 3 h at -75°C, a solution of 2-chloro-1,10-phenanthroline (0.23 g, 0.11 mmole) in THF (10 mL) was added to the yellow benzyllithium solution. The resulting mixture was allowed to warm to r.t. and stirred overnight at 50°C. After cooling and quenching with H 2 O (20 mL), the aqueous layer was extracted with CH 2 Cl 2 (2´10 mL). The combined organic extracts were dried (MgSO 4 ), filtered and evaporated to dryness. After purification (see above), the compound 4 was isolated. 
2-(2¢-Ethylsulfinylbenzyl)-1,10-phenanthroline (5)
To a solution of sulfide 4 (200 mg, 0.6 mmol) in HOAc (5 mL) was added dropwise a solution of 35% hydrogen peroxide (0.13 mL). The mixture was stirred at 20°C for 16 h. After cooling, the solution was reduced in vacuo and diluted time-to-time with H 2 O. The concentrated solution was adjusted to pH 8 with NaHCO 3 , and extracted with CH 2 Cl 2 . The combined organic extracts were dried (MgSO 4 ) and concentrated in vacuo to provide crude sulfoxide 5. The product was purified by column chromatography (neutral alumine oxide, eluted by CH 2 Cl 2 -EtOAc-MeOH, 5:2:0.5 gradient) to afford 5. 
2-(2¢-Ethylsulfonylbenzyl)-1,10-phenanthroline (6)
The synthesis of the titled compound has been accomplished by two different methods (A and B).
Method A:
This product was isolated as a by-product from the oxidation of 4. The crude product was purified by column chromatography (neutral aluminium oxide; CH 2 Cl 2 -EtOAc, 5:2 gradient) and recrystallized from ethanol-Et 2 O to afford 6. 
Yield

Method B:
To a solution of (2-ethylsulfonylbenzyl)tributyltin (11) (0.955 g, 2 mmol) in anhyd THF (10 mL) was added slowly at -100°C a precooled solution (-75°C) of methyllithium (commercial solution at 1.4 M, 1.44 mL, 2 mmol) in THF (20 mL). After 3 h at -75°C, a solution of 2-chloro-1,10-phenanthroline (0.19 g, 0.88 mmole) in THF (10 mL) was added to the dark red benzyllithium solution. The resulting mixture was allowed to warm to r.t. and stirred overnight at 50°C. After cooling and quenching with H 2 O (20 mL), the aqueous layer was extracted with CH 2 Cl 2 (2´10 mL). The combined organic extracts were dried (MgSO 4 ), filtered and evaporated to dryness. After purification, the compound 6 was isolated in 20% yield.
2-(2¢-Ethylsulfonyl-4¢-nitrobenzyl)-1,10-phenanthroline (7)
To a cooled (-5°C) and well-stirred solution of 6 (200 mg, 0.55 mmol) in concd sulfuric acid (96%; 4 mL) was added gradually a cooled solution of red fuming nitric acid (density 1.5, 0.5 mL, 12 mmol) in concd H 2 SO 4 (96%) (2 mL) at -5°C. After complete addition, the mixture was stirred at r.t. for 2 h, and then poured onto about 10 g of ice. The resulting solution was basified (pH 10) by adding a sat. aq NaOH, and extracted with CH 2 Cl 2 (3´10 mL). The combined extracts were dried (MgSO 4 ), filtered, and concentrated under reduced pressure. The crude product was purified by column chromatography (neutral aluminium oxide; CH 2 Cl 2 -EtOH, 10:1 gradient) to afford 7.
(2-Ethylthio)phenylmethanol (8) To a suspension of LiAlH 4 (1.8 g, 47 mmol) in THF (50 mL) was added dropwise a solution of (2-ethylthio)benzaldehyde (6 g, 36 mmol) in THF (150 mL). After complete addition, the mixture was heated at reflux for 2 h. The cooled (0°C) solution was quenched slowly with H 2 O and made slightly acidic (pH 5) by adding diluted aq sulfuric acid (1 M). The aq layer was separated and extracted with Et 2 O (2 ´ 50 mL). The organic layer was dried (MgSO 4 ), filtered, and concentrated in vacuo to provide pure (2-ethylthio)phenylmethanol (8 To a mixture of magnesium turnings (3.5 g, 144 mmol) in anhyd Et 2 O (30 mL) was added a solution of benzyl bromide 9 (21.9 g, 95 mmol) in Et 2 O (50 mL) at such a rate to maintain a mild reflux. When the addition was complete, the mixture was heated at the reflux temperature for 3 h and then cooled. The filtered Grignard solution was treated with a solution of n-Bu 3 SnCl (29 g, 90 mmol) in benzene (100 mL). As the addition proceeded, a white solid formed. The reaction mixture was heated at reflux for 12 h and after cooling, quenched with sat. aq NH 4 Cl (30 mL). The solvents were evaporated and the residual aqueous solution was triturated with Et 2 O (200 mL). The ethereal solution was separated and stirred for 1 h with sat. aq KF (40 mL). The white precipitate of tributyltin fluoride was filtered off, the organic layer was separated, dried (MgSO 4 ), filtered, and concentrated in vacuo. The crude product was purified by column chromatography (silica gel; cyclohexane) to give 10. (2-Ethylsulfonylbenzyl)tributyltin (11) To a stirred solution of 10 (1 g, 2.3 mmol) in CHCl 3 (20 mL) at 0°C was added a solution of MCPBA (7.24 g, 2.1 equiv) in CHCl 3 (10 mL). The mixture was maintained at 20°C for 1 h and the resulting solid was separated by filtration. The filtrate was poured into H 2 O (30 mL) and the aqueous layer was made slightly basic with Na 2 CO 3 . The layers were separated and the aqueous layer extracted with CH 2 Cl 2 (2´15 mL). The combined organic layers were dried (MgSO 4 ), filtered, and evaporated under reduce pressure to afford crude sulfone 11.
Purification by column chromatography (silica gel; CH 2 Cl 2 -cyclohexane, 1:1) gave 11. 
